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FOREWORD

The work reported herein was done at the request of the Aeronautical
Systems Division (ASD), Air Force Systems Command (AFSC), for the
McDonnell Aircraft Corporation under Program Element 33420014/324A.

The results of the test were obtained by ARO, Inc. (a subsidiary of
Sverdrup and Parcel, Inc.), contract operator of the Arnold Engineering
Development Center (AEDC), AFSC, Arnold Air Force Station, Tennessee,
under Contract AF40(600)-I000. The test was conducted from February 1
to 12, 1965 under ARO Project Number PS0536, and the report was sub-

mitted by the author on March 31, 1965.

This technical report has been reviewed and is approved.

Francis M. Williams Jean A. Jack
Major, USAF Colonel, USAF
AF Representative, PWT DCS/Test
DCS/Test
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ABSTRACT

A test was conducted in the Propulsion Wind Tunnel, Supersonic (16S)

to obtain drag, stability, and inflation characteristics of full-scale and
quarter-scale models of proposed stabilization parachute configurations
for the F-Ill airplane crew module. The parachutes were fabric, ribbon-
type models of the hemisflo family of parachutes with geometric porosi-
ties of the canopy of 15, 18, and 21 percent. The parachute character-
istics were investigated at nominal Mach numbers of 0. 5, 2. 0, 2. 2, and
2. 5 at a nominal free-stream dynamic pressure of 120 psfa. Test results
indicate that the drag coefficient of the full-scale and quarter-scale
parachutes decreases as supersonic Mach number increases and that the
stability of a quarter-scale parachute is better than the stability of a full-
scale parachute for the same riser line length.
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SECTION I
INTRODUCTION

A three-phase test program was initiated in the, Propulsion Wind
Tunnel, Supersonic (16S) to establish a stabilization parachute configu-
ration which would provide adequate steady-state longitudinal and
lateral-directional. stability for the F-ill Crew Module. The purpose

of the Phase I test, reported herein, was to obtain drag, stability, and
inflation characteristics of full-scale and quarter-scale models of the
proposed stabilization parachutes for the F-Ill Crew Module and to
determine if scale effects were evident between the full-scale and
quarter-scale parachute models. The results of the Phase I test will
be used to select a quarter-scale parachute model which has a drag
coefficient variation most nearly approximating the values of the full-
scale parachute. The quarter-scale parachute selected will be used
during the two subsequent test phases.

The parachutes investigated during this test were fabric, ribbon-
type models of the hemisflo family of parachutes. The parachutes were
tested at nominal Mach numbers of 0. 5, 2. 0, 2. 2, and 2. 5 at a nominal
free-stream dynamic pressure of 120 psfa.

SECTION II
APPARATUS

2.1 TEST FACILITY

Tunnel 16S is a closed-circuit, continuous flow wind tunnel cur-
rently capable of operating at Mach numbers from 1. 65 to 3. 20. Sub-
sonic Mach numbers from 0. 35 to 0. 60 can be established by setting the
nozzle contour for Mach 1. 5 and using the variable geometry diffuser to
establish sonic flow conditions downstream of the test section. The
tunnel is capable of operating over a stagnation pressure range from 100
to approximately 1800 psfa. The test section stagnation temperature can
be controlled thrornh the range of i00 to 650'F. The wind tunnel specific
humidity is controlled by removing tunnel air and supplying conditioned
make-up air from an atmospheric dryer. A complete description of the
acility and its operating characteristics are contained in Ref. 1.

m1
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Th.Docuhnt

2.2 TEST ARTICLE B*

2.2.1 Model Centerbody and Deployment System

The parachutes tested during this investigation were deployed from
strut-mounted centerbodies. Dimensions of the full-scale and quarter-

scale model centerbodies are presented in Figs. la and b, respectively.
The locations of the full-scale and quarter-scale model centerbodies in

the wind tunnel are shown in Figs. 2a and b, respectively. The wind
tunnel installat-on of the full-scale model centerbody is shown in Fig. 3.
The quarter-scale model centerbody with a deployed parachute is shown
in Fig. 4.

The full-scale and quarter-scale parachutes were packed in the aft

end of the respective centerbodies on a spring-loaded plate. The full-

scale parachute was held against the plate by retaining straps, and the

quarter-scale parachute was held against the plate by electrical con-
ducting wire. The retaining straps were released by a squib-fired
release pin mechanism, and the electrical conducting wire was burned
apart by applyiig a 110-v alternating current to the wire. A three-
quarter rear view of a full-scale parachute packed in the aft end of the
centerbody is shown in Fig. 5. The parachute riser line was affixed to
the full-scale and quarter-scale model centerbodies by a swivel-cable-
load link combination. The purpose of the swivel was to prevent
twisting of the parachute suspension lines. A shear pin, designed to
protect the load link, connected the parachute riser line to the swivel.

2.2.2 Stabilization Parachutes

The full-scale and quarter-scale hemisflo parachutes were con-
structed of 2- and 0. 5-in. -wide nylon ribbons, respectively. The nylon
ribbons for both the full-scale and quarter-scale parachutes were of the
same nylon material. No attempt was made to scale the nylon fibers

for the quarter-scale parachutes. The risir and suspension lines were
also of nylon construction. The hemisflo parachute configurations are
identified by nominal diameter and geometric porosity. Nominal diam-
eter is defined as the diameter of a circle having the same area as the
total area of the drag-producing surface, which includes all openings in
the drag-producing surface, such as slots and vents. Geometric

porosity is defined as the ratio of the o-en area of a drag-producing
surface to the total drag-producing surface area. The full-scale para-
chutes, had a nominal diameter of 6 ft and a suspension line length (skirt
to conrluince point) of 12 ft. The quarter-scale parachutes had a
noiniial diameter of 1. 5 ft and a suspension line length of 3 ft. How-
ever, the riser line length was not scaled and was 5. 75 ft for both the
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full-scale and quarter-scale parachutes. The full-scale and quarter-

scale parachutes had porosities of 15, 18, and 21 percent. Details of
the full-scale and quarter-scale parachutes are shown in Figs. 6a and b,
respectively. The relative size of a full-scale and a quarter-scale
parachute is shown in Fig. 7.

2.3 INSTRUMENTATION

A 5000-lb capacity, double element load cell and a 250-lb capacity,

single element load flexure were used to measure the drag load of the
full-scale and quarter-scale parachutes, respectively. A direct-writing
oscillograph was used to monitor the parachute drag load during testing.
Five movie cameras were installed throughout the test section to pro-
vide visual parachute data, and two television cameras were used to

monitor the parachute during testing.

SECTION III
PROCEDURE

A parachute was packed in the aft end of the strut-mounted center-

body before initiation of wind tunnel test operations. Once test conditions
were established, the parachute was ejected into the airstream by the
spring-loaded plate. ivioLion pictures and dynamic drag data were ob-
tained during and after each deployment. Upon completion of the para-
chute deployment sequence, a steady-state drag load was calculated by
averaging the analog output signal from the strain-gage load link over
1-sec intervals.

Eighteen parachute deployments were made at nominal Mach num-
bers of 0. 5, 2. 0, 2. 2, and 2.5 at a nominal free-stream dynamic pres-
sure of 120 psfa. One of the quarter-scale parachute configurations was
investigated at M. = 0. 5 over a dynamic pressure range from 52 to
202 psfa. On three occasions with the parachute deployed, the Mach
number was changed from 2. 0 to 2. 2. The centerbody was maintained
at zero angle of attack for the entire test. A complete summary of the
test conditions is presented in Table I.

The drag data obtained during this test were reduced to a parachute

drag coefficient. The accuracy of the full-scale and quarter-scale para-
chute drag force, as determined from calibration of the respective load
links, was F D = ±11. 40 and ±0. 92 lb, respectively.

3
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SECTION IV
RESULTS AND DISCUSSION

4.1 DEPLOYMENT LOADS

Deployments of fabric-type, trailing aerodynamic decelerators
generally create two forces known as "snatch force" and "opening shock
force." For wind tunnel testing of parachutes, the snatch force is
defined as that 'orce imposed on the centerbody by the parachute to de-
celerate the mzss of the parachute from its velocity at line extension to
zero velocity relative to the centerbody. The snatch force is followed
closely by the opening shock force, which is defined as that force im-
posed on the centerbody by the inflation of the parachute canopy at full
line extension.

For the full-scale and quarter-scale parachutes investigated, the
snatch and opering shock forces were found to vary considerably during
each deployment since they are a function of the parachute packing pro-
cedure. The s-iatch and opening shock forces for the full-scale and
quarter-scale parachutes varied between 700 and 2300 lb and 85 and
255 lb, respectively. Two typical parachute deployment-time histories
are shown in Fig. 8; one shows the snatch force equal to the opening
shock force, and one shows the snatch force less than the opening shock
force.

4.2 STEADY-STATE LOADS

As shown in Fig. 9, the drag coefficient of the full-scale and quarter-
scale parachutes decreases with increasing supersonic Mach number.
Inspection of the drag coefficient variation with Mach number also shows
that the drag coefficient at M. = 0. 5 is larger than the drag coefficient of
the same parachute configuration at supersonic Mach numbers. The
variation of drag coefficient with subsonic Mach numbers was not investi-
gated; however, the drag coefficient of hemisflo parachutes, as indicated
in ['of. 2, remains essentially constant over the subsonic Mach number
range. The data, as indicated in Ref. 2, also substantiate the variation
ofC drag coefficient with supersonic Mach number as obtained during this
test.

Ihe II ,g coefficient of the full-scale and quarter-scale parachutes
at MN = 0. 5 decreases as the canopy porosity increases. Increasing the
ptorosity by 40 percent decreased the drag coefficient of the full-scale and
quarter-scale parachutes 14-. 4 and 13 percent, respectively.

S- Reproduced From

Best Available Copy
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At a given supersonic Mach number, the drag coefficient of the full-
scale parachutes decreases as the canopy porosity increases, except at
M = 2. 2 where the drag coefficient of the 18-percent porosity parachute
is greater than that of the 15-percent porosity parachute. The drag

coefficient of the quarter-scale parachutes is not proportional to canopy
porosity at a given supersonic Mach number.

4.3 SCALE EFFECTS

Both the full-scale and quarter-scale parachutes were investigated
at equal unit Reynolds number for a given Mach number. To determine

if there were an effect of Reynolds number on drag coefficient, a quarter-
scale parachute was tested at M. = 0. 5 over a Reynolds number range.
As shown in Fig. 10, the drag coefficient is invariant with Reynolds num-
ber. The effect of Reynolds number on drag coefficient at a supersonic
Mach number was not investigated.

Since the drag coefficient is independent of Reynolds number at
M. = 0.5, the drag coefficient of the full-scale parachute should be equal
to the drag coefficient of the quarter-scale parachute. However, scaling
of parachutes is not possible with current knowledge of fabrics and
fabrication techniques. As shown in Fig. 11, the ratio of the drag coef-
ficient of the full-scale parachute to the drag coefficient of the quarter-
scale parachute is greater than unity for parachutes of equal porosity
over the M0ach number range investigated. Also indicated in Fig. 11, the
magnitude of the ratio varies with Mach number. As the supersonic Mach
number increases, the ratio decreases for the 18- and 21-percent porosity
parachutes and increases for the 15-percent porosity parachutes. The
closest drag coefficient agreement between a full-scale and a quarter-
scale parachute occurred with the 21-percent porosity, full-scale para-
chute and the 18-percent porosity, quarter-scale parachute over the
Mach number range investigated. The ratio increases from 1. 042 at
Mý = 0.5 to 1.100 at M. = 2.5.

4.4 INFLATION AND STABILITY CHARACTERISTICS

Photographic coverage obtained by movie cameras permitted the
determination of parachute inflation characteristics. Visual analysis of
the motion pictures indicated that both the full-scale and quarter-scale
parachute models exhibited full canopy inflation at all test conditions.

The behavior of a parachute moving through the air is governed by
characteristics which, in airplane design, are called stability

5
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characteristics. Certain characteristic parameters have been estab-
lished which, when known, allow the prediction of stability for specific
airplanes. However, published data indicate only limited success in
establishing similar parameters for parachutes. The par .chute stability
characteristics as discussed in this report pertain to the motion of the
canopy in a plane perpendicular to the centerline of the centerbody. The
motion was defined in terms of average oscillation angle and oscillation
frequency about the riser line to centerbody attachment point and was
evaluated from motion pictures taken during the test. The reference
parachute was considered to be a parachute which has no oscillation
about the riser line attachment point to disturb the parachute from its
equilibrium position. A tabulation of the stability characteristics for
the full-scale and quarter-scale parachutes is presented in Table I. In
general, the oscillation angles of the full-scale parachutes are larger
than those of the quarter-scale parachutes. However, the difference in
magnitude between the oscillation angle of the full-scale and quarter-
scale parachutes would have diminished if the riser line length of the
quarter-scale parachutes had been to scale. The oscillation angle of the
full-scale parachutes varied between 0 and ±9. 5 deg, whereas the oscil-
lation angle of the quarter-scale parachutes varied between 0 and ±4.5 deg.
The oscillation frequency of the full-scale and quarter-scale parachutes
varied between 0 and 2. 5 cps and 0 and 3. 5 cps, respectively. The effect
of canopy porosity on oscillation angle and oscillation frequency was not
clearly defined during the test. However, at M. = 2. 5, the oscillation
angle of the full-scale and quarter-scale parachutes increases as the
canopy porosity increases. The oscillation angle of the 21-percent canopy
porosity, quarter-scale parachute increases from 0 to ±2. 0 deg as free-
stream dynamic pressure increases from 51.9 to 202.5 psfa.

SECTION V
SUMMARY OF RESULTS

Drag, stability, and inflation characteristics were obtained for pro-
posed stabilization parachute models for the F-1ll Crew Module at Mach
numbers of 0. 5, 2. 0, 2. 2, and 2. 5. A summary of the results of tests on
the full-scale and quarter-scale models utilizing the same riser line length
is as follows:

1. The drag coefficient of the full-scale and quarter-scale
parachutes decreases as the supersonic Mach number increases,

2. The drag coefficient of a full-scale parachute is larger than the
drag coefficient of a similar quarter-scale parachute,

6
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3. For a given Mach number, the drag coefficient of the full-
scale parachutes decreases as canopy geometric porosity
increases,

4. The stability of the quarter-scale parachutes is better than
the stability of the full-scale parachutes, and

5. The full-scale and quarter-scale parachutes exhibited full
canopy inflation throughout the Mach number range investi-
gated.

REFERENCES

1. Test Facilities Handbook, (5,.h Edition). "Propulsion Wind Tunnel
Facility, Vol. 3. " Arnold Engineering Development Center,
July 1963.

2. "Performance of and Design Criteria for Deployable Aerodynamic
Decelerators." ASD-TI{-6 1-579, Wright-Patterson Air Force
Base, Ohio, December 1963.
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Fig. 3 Installation of Full-Scalc Model Centcrbody in Test Section
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Fig. 5 Three-Quarter Rear View of Full-Scale Model Centerbody
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at nominal Mach numbers of 0.5, 2.0, 2.2, and 2.5 at a nominal
free-stream dynamic pressure of 120 psfa. Test results indicate
that the drag coefficient of the full-srale and quarter-scale
parachutes decreases as supersonic Mach number increases and that
the stability of a quarter-scale parachute is better than the
stability of a full-scale parachute for the same riser line length.
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